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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A

There are FOUR questions in this section. Answer anyTHREE.

1. (a) Discuss the different ways of transferring data between a digital system and a

physical I/O device.

(b) Discuss the various modes of operation of 8237 in active cycle ..

(c) The command register of an 8237A contains AAI6. Explain the operation. of this

8237A.

(15)

(10)

(10)

.'.

2. (a) Explain why key-switches of a keyboard are arranged in a matrix and how a key

press is identified.

(b) Explain (i) 2-key lockout, (ii) N-key rollover, (iii) encoded and (iv) decoded scan

operation of8279.

(c) The. status register of an 8279 contains 0016. Explain the current status of this

8279.

(15)

(10)

(10)

3. (a) Draw a general block diagram of a up-based system. (7)

(b) A up-based voltmeter is to be designed. Input to the voltmeter will be an analog

voltage of maximum 9.9 V. Output should be displayed in two. 7-segment displays -

left display shows the integer value and right display shows the fractional part. (9+ 10+9 = 28)

(i) Draw. a block di~gram showing inter-connections of all the hardware

components.

(ii) Discuss the different components you will use.

(iii) Discuss the addressing scheme you will use showing how the chip select

signals will be generated for different chips.

4. (a),Implement the logic function F = 2:(1,3,5,7,11,13) using one 4-to-l MUX. Extra

., .
\

,.

.:,'-. basic logic gates, if necessary, can also be used.
~.. ~., '::'/: .

(b) Design an excess-4 to binary converter using a 4-bit adder chip only.

(c) Explain the initialization process of 8259.

(d) The OCWI of an 8259 is AA16.Explain its meaning.

Contd P/2
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SECTION-B

There are FOUR questions in this section. Answer any THREE.

5. (a) Assume that you have to design a 4 bit ALU using full adders that has two selection

variables 8j and 82 and generates the following arithmetic and logical operations. (15+10=25)

81 82 Cin=O Cin= 1

0 0 F=A-l F=A

0 1 F=A+B F=A+B+l

1 0 NOR NOR
1 1 XOR XOR

(i) Design the arithmetic unit and write down the general equation of X, Y and

Z for each full adder where the symbols have their usual meaning.

(ii) Modify the general equations of the arithmetic unit design to incorporate

the logical operations.

(b) For each arithmetic operation designed in 5(a), write down the condition for which

output carry is 1 i.e. COUI= L Convert the functions in a form that can support your

answer.

(c) What is overflow? Mention the conditions where overflow can occur.

6. (a) Draw a flowchart and a state diagram of a system that performs multiplication of

two binary numbers in signed-magnitude representation. Design the control unit

following PLA control method. [You must show the PLA program table and the block

(5)

(5)

diagram of the unit.] (5+5+ 10=20)
(b) A control unit has two inputs x and y and 8 states. The state diagram is shown in

Figure 6(b). Design the control unit using sequence register and decoder method.

(Control signals have been omitted for the sake of simplicity assuming that they can be

derived from the state signals trivially.)

Contd P/3

(15)

I

~
I.



. ,

=3=

CSE 403

7. (a) Answer the following questions regarding SAP-I architecture ..The block diagram

has been provided in Figure 7(a). (6+6+6+7=25)
(i) The positive clock edge occurs halfway thro~gh each state. Why is this

important?

(ii) During the final T-state of ADD or SUB instruction, the accumulator sets

up the adder-subtractor and halfway through this state the positive clock

edge loads the accumulator. Does this design introduce racing? Briefly

explain you answer.

(iii) Describe what is performed during each T-state of an LDA instruction.

(iv) Draw the timing diagram of ADD instruction.

(b) Draw the circuit diagram to implement a 4 bit Accumulator, which computes the

2's complement of the current value of the accumulator and stores the result back into

the accumulator, when control variable Pn is enabled. Use J-K flop-flops in your

design. (10)

8. (a) "SAP-2 architecture supports nested function call" - is this statement correct?

Explain why? (5)
(b) Assume that SAP-2 has a clock frequency of I MHz. How much delay does the

following SAP-2 subroutine produce? The required number of T-states for each

instruction is given in Table 8(b). (10)

MVIB,OAH

LOOPI: MVIC,47H

LOOP2: DCRC

JNZLOOP2

DCRB

JNZLOOPI

RET

Table 8(b)

Instruction Required T-states

MVI 7

DCR 4

JNZ 10/7

RET 10

(c) Write down the steps of PUSH operation in SAP-3. (5)

(d) Draw two diagrams to show the difference between RCR and RAR operations? (5)
(e) Draw a block diagram of the internal organization of a D-RAM chip. What is

refreshing? Why it is required? How it is done? (5+1+1+3=10)

Contd P/4
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Symbols indicate their usual meaning.

USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A

There are FOUR questions in this Section. Answer any THREE.

1. (a) "All agreements are contract but all contracts are not agreement". Do you agree with

this statement? Explain with example.

(b) Does marriage make a contract? Explain by stating all the components of contracts.

(c) You have received an appointment letter that requires you to acknowledge and

confirm the joining within 7 days. You have posted a letter but the letter was not reached

within 7 days. Is there any contract between you and your employer?

(d) You have offered to sell a flat in Dhaka to. Mr. X for Tk. 5,000,000. The offer is

communicated through express letter. The letter was delayed in censor's office. Before

your letter reaches to Mr. X, X has received a mail revoking the offer. Advise Mr. X.

2. (a) Differentiate among void, voidable, unenforceable, illegal and valid contract.

(b) Mr. X is an unsound person. He normally remains unsound for 20 hours a day. You

have purchased a land from Mr. X and at the time of preparing and signing the deed of

the land he was of sound mind. Explain whether the contact is valid or not.

(c)A shopkeeper supplied a toy having price Tk.' 5000 to a m~nor on credit. The guardian

of the minor refused to pay for the toy. Can the shopkeeper recover the price? Explain.

(d) Mr. A sold a cow to Mr. B by stating that the cow gives milk of 4 liter per day. B

found that the cow gives 3.5 liter milk per day. Was the contract valid? Explain.

3. (a) Differentiate between wagering agreement and contingent contract with example.

(b) Akash agrees with Asheek that if there is no rain on Monday, Akash will pay Tk.

1000 to Asheek and if there is no rain on that day, Asheek will pay Tk. 1000 to

Akash. Is it a contract? Explain.

Contd P/2
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(c) Mr. A has lost his mobile phone and announced to reward Tk. 1000 who will make

him find it. Is it a contract? Explain. (5)

(d) ABC Ltd. has given assurance to Mr. Y that it will compensate the loss of goods in

the factory if the goods are destroyed by fire. The goods were destroyed deliberate fire of

Mr. A as the price of the goods was lower than the cost. Can Mr. Y claim his loss? (5)

4. (a) State the provisions regarding working hour for employees as per labor law, 2006. (6)

(b) What are the types of employee leave? Explain the provision for each type of leave. (6)

(c) Differentiate among retrenchment, discharge and dismissal. Explain different types of

worker.

(d) State the provisions regarding the termination of employment of a worker.

SECTION-B

There are FOUR questions in this Section. Answer any THREE.

5. (a) "Although a company is a separate entity, sometimes it is needed to lift the corporate

veil" explain the statement by focusing on the case of Jones VS Limpan.

(b) You are going to form a public limited company. What are the steps you need to

follow to start the company?

(c) Differentiate between private limited company and public limited company.

6. (a) Differentiate between share and debenture.

(b) Differentiate between ordinary share and preference share.

(c) What are the different types of share capital? Discuss issuing share at premium and

discount.

Contd P/3
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7. (a) Who are the members of Board of Directors? State the rule s regarding appointment

and removal of directors.

(b) What are the five components of financial statements? Explain.

(c) Who can be the auditor for a company? State the provisions regarding the

appointment and removal of auditor.

8. (a) What are the considering factors while conducting a meeting?

(b) ABC Ltd. has commenced its business in January 1, 2014. It holds its statutory

meeting at January 25,2014. The statutory report was issued 14 day before the meeting.

The company holds its first AGM on August 1, 2015. The next AGM was declared on

August 1,2016 but the meeting was adjourned and was held in January 1,2017. The next

meeting will be held on March, 2018. Requirement: find out the irregularities regarding

the meeting of the company.

(c) "Liquidation and dissolution have same meaning" do you agree? When a company

will be liquidated the order of the court?

(8)

(7X)

(8)

(8)

(8)
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SECTION-A

There are FOUR questions in this Section. Answer any THREE.

1. (a) 'Sociology is a categorical discipline not a normative discipline' - Explain this

statement highlighting the nature of sociology.

(b) Make a comparison between functionalist perspective and conflict perspective.

2. (a) What is patriarchal family? Write the main features of a patriarchal family.

(b) 'Traditional functions of family have been more modified than lost' - discuss this by

analyzing the changing structure and functions of a family.

3. (a) What do you understand by social stratification? How do diverse systems of social

stratification facilitate social inequality in a society?

(b) Discuss different types of social mobility with examples.

4. (a) What is socialization? Explain primary socialization and anticipatory socialization with

examples.

(b) Evaluate the various roles of different agents of socialization.

SECTION-B

There are FOUR questions in this Section. Answer any THREE.

5. (a) What were the social, economic and political impacts of industrial revolution in

Europe?

(b) Elaborate the factors contributing to globalization.

6. (a) Compile the crucial elements of demography. How do these elements help to

understand population dynamics?

(b) Explain how the internet promotes global culture.

Contd P/2
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7. (a) Explain the socio-economic features of pre-industrial, industrial and Post-industrial

cities.

(b) What is urban community? Describe the salient features of urban community.

8. Write short notes on any THREE of the following:

(a) Internal migration

(b) Feudalism

(c) Noise pollution

(d) The Chernobyl disaster.

(13,7j )

(10)

(23,7j )
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A
There are FOUR questions in this section. Answer any THREE.

1. (a) Discuss the constituent elements of a state.

(b) What is nationalism? Describe the merits of nationalism.

2. (a) What is constitution? Describe the qualities of a good constitution.

(b) Make a comparative discussion between democracy and dictatorship.

3. (a) Describe the impact of 1970 election on the emergence of Bangladesh.

(b) Make a comparison between the political systems of UK and USA.

4. Write short notes on any three (3) of the following:

(a) Language movement
(b) Despotic type of government
(c) Internationalism
(d) United Nations Organization (UNO)

SECTION -B
There are FOUR questions in this section. Answer any THREE.

(11 X)
(12)

(11 X)
(12)

(11 X)
(12)

5.

6.

7.

8.

(a) Who is a citizen? Analyze the methods of acquiring citizenship.

(b) Explain the political rights and duties of a citizen in a state.

(a) Discuss the functions of the Legislature in a state.

(b) Describe the role of opposition political party in parliamentary government.

(a) What is local government? Discuss the functions of urban local government

institutions in Bangladesh.

(b) Analyze the determinants of Bal1gladesh foreign policy.

Write short notes on any three (3) of the following:

(a) Political sovereignty
(b) Ideal type of bureaucracy
(c) Surplus value theory
(d) Good governance

(11 X)
(12)

(11 X)
(12)

(IIX)

(12)

(23X)
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SECTION-A
There are FOUR questions in this section. Answer any THREE.

1. (a) A company is setting up an assembly line to produce 1920 units per 8-hour shift.

The following table identifies the work elements, times, and immediate predecessors: (20)

Work Elements Times (Sec) Immediate Predecessors

A 4 None

B 8 A

C 6 D,EF

D 3 B

E 2.5 B

F 1.5 B

G 12 A

H 14.5 G

I 13 H

J 11.5 C, I

(i) Draw a neat precedence diagram.

(ii) Calculate cycle time.

(iii) Calculate theoretical minimum number of workstations.

(iv) Assign task using longest operating time.

(v) Calculate the total idle time.

(vi) Calculate efficiency of the balanced line.

(b) Discuss the main differences between product and process layouts.

(c) Explain the following diagram.

(10

(5
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Managers

Middle
Managers

Lower-level
Managers ,- ," "
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•
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2. (a) Mina work as a sales manager for a toy manufacturer, and she currently has six

salespeople on the road meeting buyers. Mina's salespeople are in Chittagong, Jessore,

Rajshahi, Dinajpur, Khulna, and Sylhet. Mina wants them to travel to six other cities:

Comilla, Chandpur, Rangamati, Rangpur, Moulovi Bazar and Barishal. Table below

shows the bus ticket price between cities.

Salespeople
Cities salespeople have to travel to

in cities Comilla Chandpur Rangamati Rangpur Moulovi BarishalBazar

Chittagong 650 500 600 550 900 800
Jessore 300 750 1250 500 650 400
Rajshahi 750 350 850 950 1200 450
Dinajpur 600 400 1150 130 800 1100
Khulna 900 850 500 800 400 950
Sylhet 1450 600 550 450 500 850

(18)

Where should Mina send each of the salespeople in order to minimize the traveling

cost?

(b) Discuss the following concepts from Henry Fayol's 14th principles of management. (10)

(i) Discipline

(ii) Equity

(iii) Scaler chain

(iv) Initiative

3.

(c) What was the main contribution of the "Hawthorne Studies" to the domain of

management knowledge?

(a) Explain Group Behaviour Model

Group Behavior Model' .

(7)

(15)

Personalitv..............,..~.~.~~tr.aJts-/... . ,..~."M'M'

." .... ..-
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(b) Friends, Inc., distributes a high-quality wooden dollhouse that sells for $20 per

unit. Variable costs are $8 per unit, and fixed costs total $180,000 per year. (20)
(i) What is the product's CM ratio?

(ii) Use the CM ratio to determine the break-even point in sales dollars.

(iii) Due to an increase in demand, the company estimates that sales will

increase by $75,000 during the next year. By how much should net

operating income increase (or net loss decrease) assuming that fixed costs

do not change?

(iv) Compute the degree of operating leverage at the current level of sales

assuming that the operating results for last year were:

Sales $400,000

Less Variable Expenses $160,000

Contribution Margin $240,000

Less Fixed Expenses $180,000

Net Operating Income $60,000

(v) The president expects sales to increase by 20% next year. By what

percentage should net operating income increase?

(20)

4. (a) You are choosing between two machines. Machine-l cost $1,000 and machine-2

cost $600. The maintenance of machine-l is expected to be $155 in the first arid

second years and will increase by $35 for the following seven years. The maintenance

of machine-2 is expected to be $160 and will increase each year $55 for the following

eight years.

(i) Draw the cash flow diagram for each machine.

(ii) Considering the lifecycle cost of machines, which machine should you

purchase? Assume an interest rate of 8%.

(b) Which of the following factors are motivators and which are hygiene factors?

Justify you answer for all the factors with suitable examples. (15)
(i) growth (ii) status (iii) recognition (iv) salary (v) relationship with peers.

SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) What is meant by performance appraisal? Mention the benefits of performance

appraisal.

(b) Briefly describe 'Behaviorally Anchored Rating Scales' technique in performance

appraisal.

Contd P/4
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(c) Suppose, you are working in a managerial post at a software development
company. For the performance appraisal of one of your assistant programmers, you

want his participation in the program. What type of appraisal method are you going to
follow? Briefly describe the method and discuss about the advantages and

disadvantages of this method. (15)
(d) How can you explain the technology price relationship for telecommunication

service in Bangladesh? (10)

,
.t' •.~.. J..-

6.

7.

(a) In a factory, a worker is given to assemble 40 pieces of an electronic product. The

standard task for assembling the product is 5 products/hr and Guaranteed base rate is
50 tk/hr. Low task would be 70% of the standard task. If the worker take 6.5 hrs to
complete the given task, find the wage for the job and the rate of incentive per hour for

the worker according to-

(i) Rowan Plan.

(ii) Bedeaux Plan.
(iii) Halsey Plan (Percentage of the workers' share in gain above the task is

35%).
(b) Describe the competitive forces that represents the market attractiveness according

to Porter's five force model with relevant examples.

(c) What are the factors that affect consumer behavior in case of buying a mobile

phone? Explain with examples.

(a) Suppose, you want to manufacture printer in your organization. What will be the
components of cost of quality in this manufacturing process? Describe in brief.

Explain, how the optimum cost of quality can be achieved with necessary figures.

(b) What are the purposes of using control charts? How can you decide a process is

out-of-control from a control chart?

Determine whether the following control chart is in-control or out of control and ustify
your answer.

~ ..=.....=..._ ..~--------~~--------------

~;~l~~~~~¥~t~~~~f~:i~~'ua--I

~ 10.1 i .",. ... -, .•"~. """''''---1'''- CL ,I
E 10! .._.......:....;... .... _ ..t.... .- .....
~ ., I
B . 9.9 ~ _._-_.:--- ._.-+ _ _.-'-_.;- i -- --i.._.._._-_..;_..--.---i

I ; ! ! ii' I I

~:~.~=~~.:~~~~{-",~,~~~'-:.~~_:~=:~..~~.~.~.:~~~- ~:-[
Day

(15)

(10)

(10)

(15)

(12)

(C) Why do we require management of technology? Discuss about the innovation cycle

of computer. (8)
Contd P/5
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8. (a) What is a business model? Discuss and compare between two different types of

business models.

(b) What are the' fundamental differences between traditional and contemporary

theories of leadership?

(c) Explain with examples prime cost and conversion cost.

(d) Which cost is not relevant for decision making? Explain why it is not relevant.

(10)

(10)

(10)

(5)
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1.0800 Looo 0.926 0 0
.5608 2.080 1.783 0.481 0.857
.3880 3.246 2.577 0.949 2.445
.3019 4.506 3.312 1.404 4.650
.2505 5.867 3.993 1.846 7.372
.2163 7.336 4.623 2.276 10.523
.1921 8.923 5.206 2.694 14.024
.1740 10.637 5.747 3.099 17.806
.1601 12.488 6.247 3.491 21.808
.1490 14.487 6.710 3.871 25.977
.1401 16.645 7.139 4.240 30.266
;1327 18.977 7.536 4.596 34.634
:1265 21.495. 7.9044.940, 39.046
.1213 24.215 8.244 5.273 43.472
.1168 27:152 8.559 5.594 .47.886
.1130 30.324 8.851 5.905 52.264
.1096 33)50'" 9.122 6.204 56.588
.1067 37.450 9.372 6.492 60.843
.1041 41.446 9.604 6.770 65.013
.1019 45.762 9.818 7.037 69.090
.0998 50.423 10.017 7.294 73.063
.0980 55.457 .10.201 7.541 76.926
.0964 60.893 10.371 7.779 80.673
.0950 66.765 10.529 '8.007' 84:300,
.0937 73.106 10.675. 8.225 87.804
.0925 79.954 10.~1{l ~', ',8.435 91.184
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.0881 123.346 11.350 9.358 106.216
.0875 134.214 11.435 9.520 108.858
.0869 145.951 11.514 9.674 111.382
.0863 158,627 11.587 9.821 ll3.792
.0858 172.317 II .655 9.961 116.092
;0839 259.057.11.925 10.570 126.042
.0826 386.506 12.108 1l.()45 J33.733
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.0801 8655.7 12.482 12.377 154.492
.0801 12724.0 12.488 12.412 154.993
.0801 18701.6 12.492 12.437 155.352
.0800 27484.6 12.494 12.455 155.611

Sinking
Fund
Factor
Find A
Given F
AIF

1.0000
.4808
.3080
.2219
.1705
.1363
.1121
.0940
.0801
.0690
.0601
.0527
.0465
.0413
.0368
.0330
.0296
.0267
.0241
.0219
.0198
.0180
.0164
.0150
.0137
.0125 .
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.00883
.00811
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.00685
.00630
.00580
.00386
.00259
.00174
.001l8
.00080
.00054
.00037
.00025
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A

There are FOUR questions in this section. Answer any THREE.

1.

2.

(a) How do you model a machine translation program to translate a BangIa sentence to

an English sentence using HMM?

(b) What are the different types of sensor used in an autonomous vehicle? How can

you use Laser and Camera sensors to improve the driving experience?

(c) What do you mean by degree of freedom of a robot? When you plan a robot to

perform a task, why do you switch between configuration space and coordinate space

to perform the task?

(d) Given the following Bayes Net:

Answer whether the following independence statements are true.

(i) L.l1T'IT (ii) LJlB (iii) LJlBiT (iv) LJlBIT' (v) LlLBIT,R

(a) How do you update your weights for the Perceptron based binary classification?

(b) For a bag-of-words model based spam-nonspam email naive Bayes classification
"

problem, what are the parameters you need to learn and how do you answer the

spam/nonspam query?

(c) What is Laplace smoothing and how do you determine the smooth parameter (k)

while designing your leaning algorithm?

Contd PI2
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(5+5)

(2+3)

(10)

(5)

(10)
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(d) Consider a dataset with two Boolean attributes (A,B). The dataset consists of 203

examples labeled with + and - outputs. (12)

< (A = O,B = 0),- >: 50 examples
< (A = O,B = 1),- >: 50 examples
< (A = I,B = 0),- >: 3 examples
< (A = 1,B = 1),+ >: 100 examples

Based on the information gain concept, draw the decision tree. Also show the

calculation of information gain at each step of the tree construction.

3, (a) How do you compute the posterior probability p(X k I eLf) of a past state Xk for a

given set of evidence e), e2, ..., eh where t>k? (5+5)

(b) How do you compute P(E I j, m) by using variable elimination method for the

following Bayes Net? (10+5)
~---_._------~

I
I.

".••~ -- .......--.-:",-~.--~.. ~,_..~- ~.,-.;F

(c) What is the purpose of sampling in Bayesian networks? How does likelihood

weighting sampling work? How do you overcome the limitation of likelihood

weighting by using Gibbs sampling?

4. (a) A conditional probability distribution P(Xle) can be expressed as a P(X,e). What is

a in the above expression? If you have a third variable y, and you are given a joint

(2+3+5)

(5+5)distribution ofP(X,e,y), how do you express P(xle)?

(b) Consider a scenario, where 5% of the populations have some sort of cancer (cr)

diseases. Among the cancerous population, 40% of them have chronic cough (cc) as

one of their symptoms. There are many other reasons for chronic cough, and among all

chromic cough patients, 9 out 10 people are non-cancerous. If you have a symptom of

chronic cough, what will be the probability that you will be diagnosed with cancer? (10)

(c) How does Viterbi algorithm work to find the most likely sequence of states for a

given sequence of observations? (15)

Contd P/3
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SECTION -B

There are FOUR questions in this section. Answer any THREE.

5. (a) What are the four approaches of Artificial Intelligence (AI)? What is the "laws of

thought" approach? What are the main obstacles to this approach? (4+4+4=12)

(b) Distinguish between the Turning test and the total Turning test. Show how the

skills needed to pass the Turning test allow an agent to act rationally. What are the

main advantages of the rational agent approach of AI?

(c) How can you relate the following disciplines to the foundations of AI?

(i) Mathematics (ii) Economics (iii) Control theory and cybernetics

(6+4+4=14)

(9)

(13)

6. (a) Why is the iterative deepening search the preferred uninformed search method

when the search space is large and the depth of the solution is unknown? What is the

main difference between the informed search and the uninformed search strategies? (10)

(b) Prove each of the following statements: (12)

(i) Breadth-first search is a special case of uniform-cost search.

(ii) Breadth-first search, depth-first search, and uniform-cost search are special

cases of best- first search.

(iii) Uniform-cost search is a special case of A * search.
(c) The heuristic path algorithm is a best-first search in which the evaluation function

is f(n) = (2-w)g(n)+wh(n). For what values ofw, this algorithm is guaranteed to be

optimal (you may assume that h is admissible). What kind of search does this perform

for the following cases:

(i) w = 0 (ii) w = 1 (iii) w = 2

7. (a) Prove that the A * search is optimal.

(b) Explain how admissible heuristics can be generated from relaxed problems for the

8-puzzle problem. Can you generate an admissible heuristic from each of the relaxed

problems which you have described?

(c) Describe the algorithm to calculate the Linear Conflict (LC) heuristic for the 15-

puzzle problem using pseudocode. What is the LC heuristic value for the following

puzzle (assuming the standard goal state)?

3 2 1 B

10 9 7 13

8 5 11 15

6 12 14 4

Here 'B' refers to the blank tile.

Contd P/4
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8. (a) Distinguish between the variable and value ordering heuristic by providing one

illustrative example for each case for the map coloring problem.

(b) How can you formally define a game as a kind of search problem? What is a game

tree?

(c) Why is move-ordering significant for the effectiveness of a-p pruning? What is a

Killer move?

(b) What are the reasons for the hill-climbing search to get stuck or face difficulty in

obtaining the global optimum: solution? What is a sideways move?

(10)

(6)

(8)

(11)
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SECTION -A

There are FOUR questions in this section. Answer any THREE.

1. (a) Derive an acceptance-rejection method for generating beta(4,1) random variables.

The density function of beta( 4,1) is f(x) = 4x3, 0 ~ x ~ 1; which is plotted in Figure 1.

You cannot use any majorizing function in the form of t(x) = c, 0 ~ x ~ 1. You should

also discuss how you would generate random variables having density r(x) = t(x)/c ..

How many U(O,l) random numbers you need, on an average, to generate each single

variate in this approach? (15)

r4.5
14 .

I 3.5
I 3
I
12.5

I 2
, 1.5.I .
1 .

0.5

o .
o 0.5

-;-~ (10)
-~
. ;(6+4=10)(c) Give inverse-transform method for generating random variates with-

(') D . fu . r() {x2
, 0 ~ x ~ 11 enslty nctlOn,. x = .
1, 1<x~5/3

(") fu' ( ) 3 -Ii- 31 fi11 Mass nctlOn, p i = ---, or i = 1,2,3,4,5
9

(b) Explain the Box-Muller method to generate standard normal random variates.

Illustrate with necessary figures.

2. (a) Give a composition algorithm for generating random variates having the density

function shown in Figure 2.
\

(15) ~

Contd P/2
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,
",
"I
I',,,
" ,a - - - - -'-~- - -- -,-'...,,'-,_-,..;1- ..",'--'- - _,_ ",,,,. ";~,_,, _ '_';" _,.,
"r
I'
j.;
I,'
r

"1':
I'

"o 1,:

Figure 2: Figure for Ques NO.2 (a). Here 0 :5 a :5 1.

(b) Describe the serial test for testing random-number generators. Which properties of

random numbers are tested by this test? (8+2=10)
(c) What are Prime Modulus Multiplicative LCGs (PMMLCGs)? What are the benefits

of them? Explain how the simulated division technique can be used to avoid explicit

division for implementing PMMLCGs. (3+3+4=10)

3. (a) Answer the following questions regarding various probability distributions. (3+3+4=10)
(i) Let Xj ~ gamma (<XI, ~), X2 ~ gamma (a2, ~), X3 ~ gamma (a3, ~). What is the

distribution ofXj +X2 +X3?

(ii) Let X - LN().t,cr2). How can you obtain Y ~ N().t,cr2) from X?
(iii) What are the relationships between Weilbull and exponential distribution?

(b) When do we call a chi-square test unbiased? For a chi-square test with equiprobable

intervals, derive an expression for the interval end-points. (2+8=10)
(c) What is box plot? Briefly discuss how box plots help in hypothesizing distribution

family of the observed data. (2+6=8)
(d) Do you agree with the statement- "A full-period LCG can generate all possible

rational numbers in the interval [0,1]"? Justify your position. Show that the average of

the U/ s taken over an entire cycle of a full-period LCG is .l__1_ . (3+4=7)
2 2m

(10)

4. (a) Compute the Kolmogorov-Smirov (K-S) test statistic for the following five ordered

data points against hypothesized D(O,l 0) distribution:

1.5,5,6, 7.5,9

(b) For an exponential distribution with parameter ~, derive a Maximum Likelihood

Estimator (MLE) for ~ given IID dataXj,X2, ... ,X;7' (10)
(c) What do P-P plot and Q-Q plot mean? Briefly describe how they are useful in

determining the goodness of the fitted distribution compared to observed data points. (3+5=8)
(d) Describe the technique to construct an empirical distribution when the observed

data are grouped. (7)
Contd P/3
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SECTION-B

There are FOUR questions in this section. Answer any THREE questions.

5. (a) Describe the Multiteller Bank with Jockeying model. Draw the event graph.

Identify the random streams. Describe the arrival and departure functions using

flowcharts. (7+4+2+ 10)

(b) Describe how you can estimate the value of the mathematical constant 7t (Pi) using

Monte Carlo simulation teclmique. (12)

6. (a) Suppose X and Yare random variables such that Y = aX + b. Here a, and bare

constants. Show that the correlation of X and Y equals 1 if a> 0, and -1 if a < O.

(b) "Uncorrelated random variables are not necessarily independent." - Demonstrate

with an example.

(c) Suppose X and Y are jointly discrete random variables with

{

xy
( .)

- for x = 1,2andy = 2,3,4P x,y = 27
o otherwise

Prove that X and Yare independent.

(12)

(11)

(12)

7. (a) Suppose that 7.3, 6.1, 3.8, 8.4, 6.9, 7.1, 5.3, 8.2, 4.9, and 5.8 are 10 observations

from a distribution (not highly skewed) with an unknown mean J.L. Compute X(l 0),

S2(10), and an approximate 90% confidence interval for J.L, assuming t9,0.95= 1.83.

Also, test the null hypothesis Ho : J.L = 6, at level a = 0.10. Here the symbols carry their

usual meaning.

(b) How can you generate an exponential random variable using a uniform random

variable? Prove the correctness of your proposed technique.

(c) Write down the properties of a covariance-stationary process.

(9+6)

(5+7)

(8)

8. (a) State and explain the central limit theorem. State the strong law of large numbers.

(b) Write sholi notes on the following topics:

(i) Continuous and discrete simulation models

(ii) Next-event and fixed-increment time advance mechanisms

(iii) Type I and type II errors in hypothesis testing.

(8+4)

(7+9+7)
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION -A

There are FOUR questions in this section. Answer any THREE.

1. (a) State different types of sensor arrangements for image acquisition systems?

Describe the one which is used in a CWPET imaging system. How does this system

differ from mask mode radiography? What are the issues one should care in mask
"

mode radiography? How are they addressed? (3+8+8+3+5=27)

(b) Which coding method does lPEG use to truncate discrete cosine transform (DCT)

coefficients? How does it differ from the other method? (8)

2. (a) Differentiate between lossless and lossy versions of the compression algorithms

that encode the differences between consecutive pixels. Use the lossy version to

compress the following image segment. Scan the image row wise to make ita 1D

array.

14 15

13 15

20 26

14 15

15 14

27 28

(7+13=20)

(b) An image contains zero gray level everywhere except a constant rectangle of size

TxZ with gray level A. Find its Fourier transform in continuous domain. Draw the 1D

cross section of its spectrum. Can you explain from this graph why an ideal low pass

filter produces ringing effect? (8+2+5=15)

3. (a) The image formation model explains how grayscale values of an image are

produced. How can you explain different frequency components of an image according

to this model? Explain a filtering technique that treats "low and high frequency

components in different ways. (5+15=20)

(b) Explain the effect of rotation and translation of object in an image on its Fourier

spectrum. Why do we perform element-by-element multiplication of spectrum matrix

and filter matrix in frequency domain filtering? Why is the filter matrix called a

transfer function? (8+3+4=15)

Contd P/2
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4. (a) What is the basic idea of image compression in frequency domain? A particular

lossless image compression algorithm (i) assigns fixed length code to a variable.

sequence of source symbols and (ii) is used in pdf, tiff, gif files. Use this algorithm to

compress the following image segment.

39 40 128. 128

39 40 128 127

41 40 128 127

(6+15=21)

(b) Define spatial and gray level resolution of an image. With necessary examples,

explain how they are related to image digitization process.

SECTION -B
There are FOUR questions in this section. Answer any THREE.

(4+10=14)

5. (a) What do you understand by thresholding? Justify the statement "thresholding is a

special case of contrast stretching" with necessary diagrams. (15)

(b) Why is gamma correction necessary? Explain the process of gamma correction. (10)

(c) Describe two ways of intensity-level slicing. (10)

6.

7.

8.

(a) "Histogram equalization results in a random variable having uniform probability

density function (PDF)" - explain with supporting mathematical background.

(b) Illustrate the difference between correlation and convolution in regards to linear.

spatial filtering with an example.

(a) Consider the following image strip with the given intensities:

554321000600Q013100007777

Find the first derivative and second derivative of the image strip. From these values

indicate the portions which cOlTespond to ramp, step, and isolated point with necessary

explanation.

(b) What are two salient features of the Laplacian of Gaussian (LoG) operator? Derive

an expression for the LoG operator.

(a) State the steps in the Polygonal Fitting-Algorithm.

(b) Given n points in an image, suppose that we want to find subsets of these points

that lie o.n straight lines. Propose a solution having a time complexity 0(n3) to this

problem. Now describe how Hough transform reduces the time complexity for this

problem.

(25)

(10)

(20)

(15)

(15)

(20)
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SECTION -A
There are FOUR questions in this section. Answer any THREE.

1.

2.

(a) Draw all labeled trees of four vertices. Construct the tree corresponding to PrUffer's

code 2, 3, 2, 6, 6, 5 showing every step.

(b) What is a perfect matching? Compute the number of perfect matchings in Kn.

(c) Show that a matching M in a graph G is a maximum matching if and only if G has

no M-augmenting path.

(a) Describe an application of a connected dominating set in the area of computer

networks.

(b) Define the diameter and the domination number of a graph. Establish a relationship

between the domination number and the diameter of a graph.

(c) What is a tournament? Show that every tournament T contains a Hamiltonian path.

(d) Give an example of a tree of six <?rmore vertices whose center is an edge. Write an

efficient algorithm for finding the center of a tree.

(5+10)
(2+3)

(15) .

(5)

(4+8)
(2+8)

(2+6)

3. (a) Define the chromatic number and the chromatic index of graph with illustrative

examples. Let G be a bipartite graph with the maximum degree 11. Then prove that

x'(G) = 11.

(b) Show that the number of separating triangles in a triangulated plane graph G with

.n vertices is at most n - 4.

(c) Define a tree decomposition of a graph with an illustrative example. What is the
treewidth of graph? Explain the importance of treewidth from algorithmic point of

VIew.

(d) Construct a clique tree representation for the chordal graph in Figure 1.

(4+8)

(8)

(5+2+3)
(5)

u.

a.

e

Figure L Figure for Question Number 3(d) .
•.. ~•.. "" "---- ~ ~ .
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4. (a) Describe an application area where the notion of planar graphs is useful. Give an

example of a planner graph which has an exponential number of planner embeddings. (5+5)
(b) Let G be a cOlli1ected simple plane graph, and let n, m, and/denote respectively the

numbers of vertices, edges and faces of G. Then prove that n - m +/= 2. (5)
(c) Show that every maximal planar graph of four or more vertices has at least four

vertices of degree five or less. (5)
(d) Prove that every simple planar graph has a straight-line drawing. Write an

algorithm for finding a straight-line drawing of a planar graph based on your proof. (10+5)

SECTION-B

There .are FOUR questions in this section. Answer any THREE questions.

5. (a) Consider the following graph of a floor with seven rooms in a building. A room is

represented by a vertex, and the adjacency between two rooms is represented by an

edge. Give the floor' plan so that each room is drawn as a rectangle and the outer

boundary is also drawn as a rectangle. Give the incidence matrix of the graph. (10)

a.

c.t

----~"---- ~

(b) Define compliment of a graph. Show that for any graph of six vertices, either the

graph or its compliment contains a triangle. (10)

(c) What is the necessary and sufficient condition for Km, 11 to be a regular graph? (5)
(d) What is graph isomorphism? Are the following graphs G] and G2 isomorphic? If

they, show the mapping. (10)

Contd P/3
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6. (a) What is the cut-edge? Prove the statement that "An edge is a cut-edge if and only if

it belongs to no cycle" (2+10=12)
(b) Prove the statement that "A graph G of three or more vertices is 2-connected if and

only if there are two internally disjoint paths between every pair of vertices in G." (15)

(c) Explain the Block-Cutvertex tree of a connected graph G with an example. (8)

7. (a) Define "Degree sequence" and "Graphic sequence". Find the minimum value of

x for which the sequence (6, 5, x, 2, 2, 2, 1, 1) becomes a graphic sequence. Also

construct a simple graph with the sequence. (5+5+5=15)
(b) Let Kn be a complete graph of n v~rtices where n is odd and n ~ 3. Show that Kn has

(n - 1)/2 edge-disjoint Hamiltonian cycles. (10)
(c) Let rCG) be the number of spanning tress of a connected graph G and let e be an

edge in G. Show that rCG) = rCG-e) + rCG\e). If e is a cut' edge, what is the value of

rCG-e)? (10)

8. (a) Prove that a graph G has an ear decomposition if only if Gis 2-connected. .(15)
(b) What is union of graphs? Draw the graph G =( V; E) with vertex se V = {a, b, e, d, e,
f, g, h} and edge set E = {(a, b), (a, e), (b, e), (b, d), (e, d), (e, g), (d, e), (e, f), if, g),
if, h), (g, h)}. Draw the graph G - (d, e). Draw the subgraph of G induced by

{e, d, e,fl. Contract the edge (d, e) from G.

(c) Define each of the followings with examples:

(i) k-regular Graph

(ii) Petersen Graph

(iii) Null Graph

(iv) Path Graph

(v) Wheel Graph.

(2x5=10)

(2x5=10)
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